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Abstract
Large reductions of the superconducting transition temperature Tc and
the accompanying loss of the thermal electrical resistivity (electron-phonon
interaction) due to radiation damage have been observed for several A15 com-
pounds, Chevrel phase and Ternary superconductors, and NbSe2 in the high
fluence regime. We examine these behaviors based on the recent theory of
weak localization effect in superconductors. We find a good fitting to the
experimental data. In particular, weak localization correction to the phonon-
mediated interaction is derived from the density correlation function. It is
shown that weak localization has a strong influence on both the phonon-
mediated interaction and the electron-phonon interaction, which leads to the
universal correlation of Tc and resistance ratio.
PACS numbers: 74.20.-z, 74.40.+k, 74.60.Mj, 74.90+n
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I. INTRODUCTION
Much attention has been paid to experimental and theoretical investigations of the ra-
diation effects on superconductors.1−3 For the practical applications of the superconductors
in the magnet coils of a fusion reactor, the radiation response of the materials is impor-
tant because they are subjected to irradiation. In theoretical side, the disorder effects in
superconductors caused by irradiation are interesting. The radiation effects in elemental
type II superconductors showed that the superconducting transition temperature, Tc, does
not change significantly for relatively high-fluence irradiations.3 The slight reduction was
attributed to the reduction of the gap anisotropy. Subsequent annealing leads to the partial
recovery of the Tc changes, implying the importance of the microscopic details of the disorder
structures. We note that most elemental type II superconductors are radiation-tolerant. For
instance, the He-4 dose which resulted in ∆ρo ∼ 90µΩcm in Nb3Ge causes ∆ρo ∼ 2µΩcm in
Nb.4 Here ρo denotes the residual resistivity. On the other hand, A15 compounds show the
universal large reductions of Tc and the critical currents Ic for high-fluence irradiations.
4−14
The residual resistivity ρo also increases over ∼ 100µΩcm, indicating that A15 compounds
are radiation-susceptible. Note that the layered compound NbSe2, Ternary superconductors
LuRh4B4 and ErRh4B4,
15 and Chevrel phase superconductors,3 such as PbMo6S8, PbMo6S7,
and SnMo5S8 also show the large Tc reduction in the high fluence regime.
In this paper we explain the microscopic mechanism underlying the universal large re-
ductions of Tc and Ic in A15 compounds and other materials. In particular, we stress
the experimental observation of the correlation between the electrical-resistance ratio and
Tc.
4,8,9,11 Testardi and his coworkers4,8,9 considered Nb-Ge, V3Si, and V3Ge for a variety
of samples produced with differing chemical composition, preparation conditions, and with
varying amounts of 4He-induced defects. They found a close relation between the resistance
ratio and Tc for those samples irrespective of the manner how the disorder was achieved.
Furthermore, they found that decreasing Tc is accompanied by the decrease of the ther-
mal electrical resistivity (electron-phonon interaction).4 It was also reported that tunneling
experiments in Nb3Ge and Nb-Sn clearly show a decrease of the electron-phonon coupling
constant λ accompanying the decrease of Tc with disorder.
16−18.
However, previous theoretical studies focused not on the changes of the electron-phonon
interaction but on the smearing of the electronic density of states near the Fermi level
N(EF ), the microscopic details of the disorder, the gap anisotropy, and the enhancement
of the Coulomb repulsion.19−25 It is understandable that a consistent explanation of the
existing experimental data was not possible in those prior theories. Recently, Kim and
Overhauser26 pointed out that Anderson’s theorem27 is valid only to the first power in the
impurity concentration and the phonon-mediated interaction decreases exponentially by An-
derson localization, in agreement with the above experimental findings. As expected, it was
shown that the same weak localization correction terms occur in both the conductivity and
the phonon-mediated interaction.28,29 Based on the reduced phonon-mediated interaction,
we explain the universal reductions of Tc and Ic, and the universal correlation of Tc and
resistance ratio in Sec. III.30
Several comments are in order. (1) It is obvious that both impurity doping and irra-
diation (or implantation) can be used to study the disorder effects in superconductors and
metals. In particular, compensation of the Tc reduction caused by magnetic impurities has
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been observed as a consequence of both radiation damage and ordinary impurity doping.31−34
This compensation phenomenon has been predicted by Kim and Overhauser.35,36 Recently,
it has also been observed that impurity doping and/or ion-beam-induced damage in high Tc
superconductors cause the metal-insulator transition and thereby suppress Tc.
37−40 These
reductions may also be understood by the weak localization effect on superconductors. The
only difference is the strong renormalization of the impurity potential due to strong electron-
electron interaction in high Tc superconductors. (2) Although Anderson’s theorem suggests
no change of the electron-phonon interaction due to disorder how strong it is, there is over-
whelming experimental evidence for the decrease of the electron-phonon interaction in the
strongly disordered samples and in the high fluence regime. For instance, tunneling,16−18
specific heat,41 XPS,42 loss of the thermal electrical resistivity,4 and the correlation of Tc
and resistance ratio4,8,9,11 manifest the decrease of the electron-phonon interaction when
the electrons are weakly localized. Weak localization leads to the decrease of the am-
plitude of the electron wavefunction. As a result, the phonon-mediated matrix elements
are also decreasing.28,29 (3) Tunneling data do not show any enhancement of the Coulomb
repulsion.16−18 In addition, the loss of the thermal electrical resistivity with decreasing Tc
and the universal correlation between Tc and resistance ratio can not be explained in terms
of the increase of the Coulomb interaction. (4) Irradiation also leads to the strong Tc re-
ductions in Chevrel phase materials, such as PbMo6S8,PbMo6S7, and SnMo5S8,
3,43,44 and
NbSe2,
43 at fluences above ∼ 1018n/cm2. These materials are more radiation-sensitive than
A15 compounds. It is clear that the origin of the strong Tc reduction is not related to the
microscopic details of the disorder, but related to the universal nature of the electronic state
in the irradiated samples.
In Sec. II, we briefly review the experimental results of the radiation damage effects on
A15 compounds. The universal large reduction of Tc, the accompanying decrease of thermal
electrical resistivity, and the correlation of Tc and resistance ratio will be emphasized. In
Sec. III, weak localization correction on the phonon-mediated interaction is derived. The
resulting Tc decrease will be compared with experiments in Sec. IV.
II. RADIATION EFFECTS IN A15 COMPOUND SUPERCONDUCTORS :
UNIVERSAL TC REDUCTION AND RESISTANCE RATIO
Several A15 compounds have been investigated, including Nb3Sn
5−7,11−13,20, Nb3Al
6,7,10,
Nb3Ge
4,6−8,11,13, Nb3Ga
6,7, Nb3Pt
24, V3Si
4,7,11, and V3Ge
4,11. Both high-energy neutron5,6,10
and other energetic charged particles, such as protons,14 α particles,4,8,11,13 oxygens,12 and
electrons20 were used to irradiate a variety of A15 compounds. Table I summarizes the
experimental results of the irradiation effects on A15 compound superconductors, Chevrel
phases, and NbSe2. Note that the large Tc reductions are found in not only A15 compound
superconductors but also Chevrel phase superconductors, Ternary superconductors, and
NbSe2, implying the universality of the phenomenon.
The response of the superconducting properties of A15 compounds to irradiation can
be classified into the behavior at low fluences and at higher fluences. In the low-fluence
regime, little or no change in Tc occurs, while universal large reductions of Tc are observed
for higher fluences. We focus on the universal Tc reduction in this paper. The boundary
between the two regimes depends on the irradiating particles, since the heavy ions give
3
rise to more severe radiation damage. For instance, the low-fluence regime corresponds
to neutron fluence < ∼ 1018n/cm2 and 4He fluence < ∼ 1015 4He/cm2. For much more
higher fluences the saturation of Tc is often found. It is noteworthy that the saturated Tc
state is accompanied by a saturated value of the residual resistivity ρo.
4 Accordingly, the
classification based on the residual resistivity (not the fluence) may be more appropriate.
In terms of the residual resistivity, the low-fluence regime corresponds to ρ < ∼ 10µΩcm
irrespective of the irradiating particles. The saturations of Tc and the residual resistivity
are easily understood in this classification scheme.
From Table I, it is clear that the universal Tc reduction is not crucially dependent on
any specific irradiating particle, any specific material and any specific defect. Many people
noticed that the universal Tc reduction is governed by the total residual resistivity ρo due to
the radiation damage and the inherent damage present in the sample.45,4,8,9,11 Furthermore,
the close relation between the Tc decrease and resistance ratio was established in Nb−Ge,
V3Si, and V3Ge.
4,8,9,11 The relation was also noticed in Nb−O solid solutions.46 Testardi
and his coworkers4,8,9,11 reported that the correlation of Tc and resistance ratio is independent
of all sputtering conditions, film thickness, composition, and radiation damage. This result
implys that the defects produced during the irradiation are similar in their effect on Tc to
those produced during the film growth process. Consequently, the correlation of Tc and
resistance ratio is also universal. Until the resistance ratio is about 5, Tc does not change
much. When it is smaller than 2, Tc drops quickly. Finally superconductivity disappears if
resistance ratio is around 1. Testardi et al.4 also found that decreasing Tc is accompanied by
the loss of the thermal electrical resistivity (electron-phonon interaction), which indicates
the significant role of defects in both the superconducting and normal-state behavior. This
finding, consistent with the correlation of Tc and resistance ratio, predicts the complete
destruction of superconductivity for resistance ratio less than 1 because of the complete loss
of the electron-phonon interaction.
Other evidence for the decrease of the electron-phonon interaction in the high fluence
regime is the following: (1) By channeling measurements in single-crystal V3Si, Testardi et
al.47 also found that the radiation damage leads to the large increase of resistivity and the
reduction of the electron-phonon interaction. (2) Viswanathan and Caton48 reported the
correlation of Tc and residual resistivity in neutron-irradiated V3Si. (3) Tsuei, Molnar, and
Coey41 did a comparative study on the superconducting and the normal-state properties of
the amorphous and the crystalline phases of Nb3Ge. They found that the drastic reduction
of Tc is due to the changes in the strength of electron-phonon interaction. Pollak, Tsuei, and
Johnson42 did an XPS study of the crystalline and amorphous phases of Nb3Ge and found
that the crystalline phase has a higher Tc because of the enhancement of the electron-phonon
coupling.
The response of the critical current Ic also depends on fluence. For low-fluence regime,
Ic decreases first with fluence, and then increases with increasing fluence, implying the
importance of the flux-pinning mechanism.49,50 For higher fluences, the universal reduction
of Tc drives down Ic.
5,51,52 The Ic drop is field independent.
53
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III. WEAK LOCALIZATION CORRECTION TO PHONON-MEDIATED
INTERACTION
In the presence of an impurity potential Uo, the Hamiltonian is given by
H =
∫
dr
∑
α
Ψ†α(r)[
p2
2m
+ Uo(r)]Ψα(r)− V
∫
Ψ†↑(r)Ψ
†
↓(r)Ψ↓(r)Ψ↑(r)dr, (1)
where Ψ†(r) and Ψ(r) are creation and annihilation operators for electrons. In terms of the
exact scattered states ψn(r), we expand the field operator Ψα(r) as
Ψα(r) =
∑
n
ψn(r)cnα, (2)
where cnα is a destruction operator of the electron. Upon substituting Eq. (2) into Eq. (1),
we find
H =
∑
n
ǫnc
†
nαcnα −
∑
nn′,n 6=n′
Vnn′c
†
n′↑c
†
n¯′↓cn¯↓cn↑, (3)
where
Vnn′ = V
∫
ψ∗n′(r)ψ
∗
n¯′(r)ψn¯(r)ψn(r)dr. (4)
Here ǫn is the normal state eigenenergy and n¯ denotes the time reversed partner of the
scattered state n. Eq. (4) was first obtained by Ma and Lee.54
A. Andersons’ Theorem
By a unitary transformation between the scattered states and the plane wave states,
ψnα =
∑
~k
φ~kα <
~k|n >, (5)
Eq. (4) can be rewritten as,26
Vnn′ = V
∑
~k,~k′~q
< −~k′|n >< ~k|n >∗< ~k − ~q|n′ >< −~k′ − ~q|n′ >∗ . (6)
Anderson27 assumed that the transformed BCS part in Eq. (6) plays a much more important
role and each individual matrix element of the remaining interaction is so small as to be
safely disregarded. Then the normalization condition of the scattered states leads to
Vnn′ ∼= V BCSnn′
= V
∑
~k,~k′
| < ~k|n > |2| < n′|~k′ > |2
= V, (7)
which is the essence of Anderson’s theorem.
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However, the remaining term,
V non−BCSnn′ = V
∑
~k 6=−~k′,~k′~q
< −~k′|n >< ~k|n >∗< ~k − ~q|n′ >< −~k′ − ~q|n′ >∗, (8)
can not always be ignored. As Anderson suggested, the above term is indeed negligible in
low-fluence regime, where residual resistivity is smaller than 10µΩcm. In fact, low-fluence
regime corresponds to the dirty limit where 1/kF ℓ < 0.1. kF and ℓ denotes Fermi wave
vector and mean free path, respectively. Whereas for higher fluences, the remaining term
contribute significantly. In this regime, electron wave functions are weakly localized. Note
that weak localization yields the well-known weak localization correction to the conductivity.
Now we calculate Vnn′ including both the BCS and non-BCS terms. To do that, we use
Eq. (4) (not Eq. (6)) which is more transparent physically. In the dirty limit, the exact
eigenstates ψn(r) can be approximated by the incoherent superpositions of plane-wave states
suggested by Thouless,55 which leads to the Boltzmann conductivity. The wavefunction, with
energy h¯2k2n/2m, is written as
ψn(r) =
∑
~k
an~ke
i~k·r. (9)
The amplitudes an~k are assumed to be independent normally-distributed random variables
with the variance,
an~k
∗an
′
~k′
∼= δnn′δ~k~k′
π
k2nℓ
1
(k − kn)2 + 1/4ℓ2 , (10)
for large knℓ.
Inserting Eq. (9) into Eq. (4) we obtain
Vnn′ = V
∫
|ψn′(r)|2|ψn(r)|2dr
∼= V
∫
|∑
~k
an~ke
i~k·r|2|∑
~k′
an
′
~k′
ei
~k′·r|2dr
= V
∫ ∑
~k
|an~k |2
∑
~k′
|an′~k′ |2dr
= V. (11)
We have made use of Eq. (10) which eliminated the non-BCS term. As a result, Anderson’s
theorem is proven for large knℓ under the assumption.
B. Weak Localization Correction
For the high fluence regime, we may use the weakly localized wavefunctions suggested
by Kaveh and Mott.56,57 For three dimensions, the weakly localized wavefunctions consist of
power-law and extended wavefunctions,
ψ~k(r) = Ae
i~k·r +B
eikr
r2
, (12)
6
where
A2 = 1− 4πB2(1
ℓ
− 1
L
), B2 =
3
8π
1
k2F ℓ
. (13)
L denotes inelastic diffusion length. We then write an eigenstate ψn as
ψn(r) =
∑
~k
an~kψ~k(r)
=
∑
~k
an~k(Ae
i~k·r +B
eikr
r2
). (14)
Comparing to the Thouless’ wavefunction Eq. (9), Kaveh and Mott’s wavefunction includes
the power-law component which originates from the diffusive motion of the electrons. Since
the power-law wavefunction 1/r2 does not contribute to the current, the conductivity is
reduced as
σ3d = σBA
4
= σB[1− 3
(kF ℓ)2
(1− ℓ
L
)]. (15)
Similar situation occurs in the phonon-mediated interaction. The power-law component does
not contribute to the phonon-mediated matrix element either. The reason is the following:
since the power-law component peaks at some point, its contribution to the bound state of
Cooper pairs far from the point is almost negligible. This is analogous to the insensitivity
of the localized (bound) state with the change of the boundary conditions.58 Accordingly,
substitution of Eq. (14) into Eq. (4) leads to the weak localization correction to the phonon-
mediated interaction,
Vnn′ = V
∫ ∑
~k
|an~k |2
∑
~k′
|an′~k′ |2|ψ~k(r)|2|ψ~k′(r)|2dr
= V
∫
|ψ~k(r)|2|ψ~k′(r)|2dr (16)
∼= V A4
= V [1− 3
(kF ℓ)2
(1− ℓ
L
)]. (17)
We have made use of the fact that Eq. (16) does not depend on ~k or ~k′.
We can also derive the weak localization correction term based on the diffusive density
correlation for the eigenstates. In the presence of impurities, the correlation function has a
free-particle form for t < τ (scattering time) and a diffusive form for t > τ .25 As a result,
for t > τ (or r > ℓ), one finds59−62
R =
∫
t>τ
|ψn(r)|2|ψm(r)|2dr
=
∑
~q
| < ψn|ei~q·r|ψm > |2
=
∑
1/L<~q<1/ℓ
1
πh¯No(EF )D~q2
(18)
=
3
2(kF ℓ)2
(1− ℓ
L
), (19)
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where No(EF ) and D are the density of states and the diffusion constant, respectively. Then,
the contribution from the free-particle-like density correlation is
Vnm =
∫
t<τ
|ψn(r)|2|ψm(r)|2dr
∼= V A4
= V [1− 3
(kF ℓ)2
(1− ℓ
L
)], (20)
with A2 = 1 − R.59 Since, only the free-particle-like density correlation contributes to the
phonon-mediated interaction as explained above, we find the same weak localization correc-
tion to both the conductivity and the phonon-mediated matrix element.
The BCS Tc equation is now,
Tc = 1.13ωDe
−1/λeff , (21)
where
λeff = NoV [1− 3
(kF ℓ)2
(1− ℓ
L
)]. (22)
The initial slope of ∆Tc is
∆Tc ∼= 1
λ
3
(kF ℓ)2
(1− ℓ
L
)
∝ ρ2o, (23)
which is in good agreement with experiments.13,63−65
C. Strong-coupling Theory
In the strong-coupling theory,66,67 the electron-phonon coupling constant is defined by
λ = 2
∫
α2(ω)F (ω)
ω
dω (24)
= No
< I2 >
M < ω2 >
. (25)
Here F (ω) is the phonon density of states, and < I2 > and < ω2 > are the average over
the Fermi surface of the square of the electronic matrix element and the phonon frequency,
respectively.67 For a homogeneous system with the Einstein model, it is written as
λo = No
I2
Mω2D
(26)
= NoV BCS theory (27)
In the presence of impurities, weak localization leads to a correction to α2 or < I2 >,
(disregarding the changes of F (ω) and No). From Eq. (25), one finds
68
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λ = No
I2
Mω2D
<
∫
|ψn(r)|2|ψm(r)|2dr >, (28)
which agrees with the BCS theory,
λeff = NoV <
∫
|ψn(r)|2|ψm(r)|2dr > . (29)
D. Resistance Ratio
According to Matthiessen’s rule, resistivity ρ(T ) caused by static and thermal disorder
is additive, i.e.,
ρ(T ) = ρo + ρph(T ), (30)
where ρph is mostly due to electron-phonon scattering. At high temperatures, the phonon
limited electrical resistivity is given by69
ρph(T ) =
4πmkBT
ne2h¯
∫ α2trF (ω)
ω
dω, (31)
where αtr includes an average of a geometrical factor 1 − cosθ~k~k′. Assuming α2tr ∼= α2, we
obtain
ρph(T ) ∼= 2πmkBT
ne2h¯
λeff
∼= 2πmkBT
ne2h¯
No
I2
Mω2D
[1− 3
(kF ℓ)2
]. (32)
Note that decreasing Tc is accompanied by the loss of the thermal resistivity ρph(T ), in good
agreement with experiment.4 The ternary superconductor LuRh4B4,
15 also shows the same
behavior. The room temperature resistance ratio is then written as
ρ(300K)
ρo
=
ρo + ρph(300K)
ρo
∼= 1 + 2πτ × 300K
h¯
λeff . (33)
When λeff goes to zero, the system is not superconducting and resistance ratio becomes
1, which is in good agreement with experiments.4,8,9,11,46 More details will be published
elsewhere.
IV. COMPARISON WITH EXPERIMENTS
Wiesmann et al.13 examined the Tc change of vapor-deposited Nb3Ge and Nb3Sn as a
function of α particle fluence. The 2.5-MeV α particles irradiated the samples, which were
held at 30K. The samples were then cooled and both Tc and the residual resistivity ρo
9
were measured. Figure 1 shows the dependence of Tc on ρo in Nb3Ge and Nb3Sn. Thin
lines are our theoretical results obtained from Eqs. (21) and (22). We find good agreement
between theory and experiment. The Debye temperature and Tco (for the pure sample) are
ωD = 302K, Tco = 23K and ωD = 290K, Tco = 18K for Nb3Ge and Nb3Sn, respectively.
In the absence of experimental data for the inelastic diffusion length, we used the same
value of L =
√
Dτi =
√
ℓ × 387A˚/T for both materials.70 Here τi means the inelastic
scattering time. Since it is very difficult to evaluate kF ℓ accurately,
71 we assumed that
ρ = 100µΩcm corresponds to kF ℓ = 3.65 and 3.60 for Nb3Ge and Nb3Sn with the same
value of kF = 0.3A˚
−1. These values also give a good fitting to the dependence of Tc on
the residual resistivity in impurity-doped samples.72 This is persuasive evidence that the Tc
behavior is not crucially dependent on any specific defect, rather its behavior is governed by
the residual resistivity.
Testardi and his coworkers9 prepared about 130 Nb-Ge films and examined the depen-
dence of Tc on resistivity, resistance ratio, chemical composition, and sputtering condi-
tions. The Nb/Ge ratios were in the range of ∼ 2.4 − 5.5 and film thickness were about
2,000A˚ ∼ 3,500A˚. Only films which show the width of the superconducting transition less
than ∼ 2 − 3K were chosen to insure the macroscopic homogeneity of the samples. They
found a universal correlation of Tc and resistance ratio irrespective of all sputtering con-
ditions, composition, and specific nature of the disorder.4,8,9,11,73 Figure 2 (a) presents a
sampling of Tc-vs-resistance-ratio data for 130 Nb-Ge films by them. The correlation be-
tween Tc and the resistance ratio is obvious. Resistance ratios less than 1 were generally
found in films which are not superconducting, which agrees with theoretical expression, Eq.
(33). Our theoretical curve, which was obtained from Eqs. (21), (22), and (33), is also
shown in the same figure. We again find good agreement between the theoretical curve and
experiment. Since A15 compounds show deviations from Matthiessen’s rule possibly due
to saturation,4,74 we adjusted ρph(T ) to fit experimental values
4 at 300K in the following
manner: ρph(300K) ∼= 100µΩcm × λeff(1 − 2.4/kF ℓ). We used the same values for kF , L,
and ωD as in Fig. 1. But we found that Tco = 24K for the pure Nb3Ge gives better fitting,
which supports that sputtered films may have not yet achieved the highest possible Tc’s.
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Poate et al.8 irradiated superconducting Nb-Ge films by 2-MeV α particles and found a
Tc-resistance correlation similar to that as-grown films. Figure 2 (b) shows the correlations
both for 130 as-grown films9 and for α particle irradiated films.8 They lie nicely within
the correlation band. It indicates that the correlation of Tc of resistance ratio is universal
irrespective of how disorder is caused, e.g., by irradiation or substitutional alloying. The
correlation was also reported in V3Si and V3Ge.
4
V. DISCUSSION
It is clear that weak localization effect in superconductors caused by impurity doping or
radiation damage should be subjected to further experimental study. In particular, since
the same weak localization correction term occurs both in the conductivity and the phonon-
mediated interaction, comparative study of the normal and superconducting properties of
the samples will be beneficial. It is noteworthy that Fiory and Hebard65 found that both
the conductivity and the transition temperature vary as (kF ℓ)
−2 for bulk amorphous InOx.
The anti-localization effect of spin-orbit interaction will provide more insights on weak
10
localization effect in superconductors. In fact, Miller et al.75 found the compensation of
Tc decrease in highly disordered superconductors by adding impurities with large spin-orbit
scattering.
The loss of the thermal electrical resistivity ρph(T ) (electron-phonon interaction) with
decreasing Tc needs more experimental study. In particular, we may consider samples satis-
fying the Matthiessen’s rule, where the correlation of Tc and resistance ratio is more phys-
ically transparent. We propose to investigate the usual low Tc superconductors near the
superconductor-insulator transition.76 We expect to find the loss of the thermal electrical
resistivity as approaching the insulating regime. Unfortunately, no systematic study is avail-
able yet. Note that this behavior may provide a means of probing the phonon-mechanism in
exotic superconductors, such as, heavy fermion superconductors, organic superconductors,
and high Tc cuprates.
VI. CONCLUSION
We have considered irradiation effects on A15 superconductors. The universal large
reductions of Tc and Ic due to radiation damage has been explained by the weak localization
of electrons. Using weak localization correction to the phonon-mediated interaction derived
from the density correlation function, we calculated Tc values which are in good agreement
with experimental data. It is shown that weak localization decreases significantly both the
electron-phonon interaction and the phonon-mediated interaction, and thereby gives rise to
the universal correlation of Tc and resistance ratio.
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Table I. Irradiation effects on A15 Compounds, Chevrel phases, and NbSe2
Sample Irradiating particle Tco ∆Tc Maximum fluence Reference
Nb3Ge α particle ∼ 20K ∼ 8K 1017α/cm2 8
neutron ∼ 20K ∼ 16K 5× 1019n/cm2 3
Nb3Sn α particle ∼ 18K ∼ 15K 7× 1017α/cm2 11
neutron ∼ 18K ∼ 7K 2× 1019n/cm2 5
electron ∼ 17.8K ∼ 3.8K 4× 1020el./cm2 20
Nb3Al neutron ∼ 18K ∼ 14K 5× 1019n/cm2 6
Nb3Pt neutron ∼ 10.6K ∼ 8.4K 3× 1019n/cm2 24
V3Si α particle 16.8K ∼ 14.5K 7× 1017α/cm2 11
neutron ∼ 16.5K ∼ 13.5K 2.5× 1019n/cm2 3
V3Ge α particle 6.5K ∼ 5.5K 5× 1017α/cm2 11
PbMo6S8 neutron 12.8K ∼ 8.6K 1× 1019n/cm2 3
PbMo6S7 neutron 61% 1.5× 1019n/cm2 3
SnMo5S8 neutron 51% 1.5× 1019n/cm2 3
2H− NbSe2 neutron ∼ 50% 3× 1018n/cm2 3
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FIGURES
FIG. 1. Calculated Tc’s vs. residual resistivity ρo for Nb3Ge and Nb3Sn. Experimental data
are due to Wiesmann et al., Ref. 13.
FIG. 2. (a) Calculated Tc’s vs. resistance ratio for Nb-Ge. The data points relate to about 130
films made with various sputtering voltage, deposition conditions, film thickness, crystal structure,
and chemical composition. Data are from Testardi et al., Ref. 9.
(b) Tc-resistance-ratio correlation band for 130 as-grown films with the values for damaged films
superimposed. Data are from Poate et al., Ref. 8.
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